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CHAPTER 1 
INTRODUCTI()N 
1.1 BACKGROUND 
For the last 100 years, the condition of the New Zealand 
south Island high country has been the subject 
troversy_ 
much con-
Although there are very few records of the condition of 
this land the time of European occupation one of the first 
accounts from Canterbury draws attention to spectacular 
erosion. In 1849 F. Strange climbed to the top of the 
Torlesse Range and recorded: 
"The sight that lllet my view was very singular and 
wild: whole sides of mountains appeared to have 
slipped into the immense gullies below, whilst 
irnmense blocks of rock had been precipitated, cut-
ting their way through 'the black birch (mountain 
beech) trees which line the gullies and carrying 
everyth.ing with them. 1I (Quoted by Molloy, 1964.) 
In the earlier years of pastoral occupation, a few 
authors expressed concern about the erosion being caused 
by repeated burning and overgrazing of sheep and rabbits. 
(Buchanan, 1868: Cockayne, 19l9a, b, Cj Bathgate, 1922.) 
However it was not until the late 1930's that these views 
received very much public support. In 1939 the Government 
set up an expert Committee to enquire into the maintenance 
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and improvement of plant cover as a protection inst soil 
erosion. This Committee reconunended that: IiStatutory and 
administrative measures should be taken at the earliest 
opportunity to inaugurate a programme to handle the serious 
soil erosion, soil conservation and land utilisation problems 
that now face us ••• It 
In 1941 the Government passed the Soil Conservation and 
Rivers Control Act which set up catchment Boards and Conunis-
sions to (inter alia) conserve soil resources and prevent 
damage by erosion .. 
During the 1940·5 and 1950's a nwtmer of authors drew 
attention to the extent and severity of erosion. (Gibbs, 
Raeside, Dixon and Matson, 1945; Campbell, 1944, 1951; 
Cumberland, 1944, 1945; Jobberns, 1949; Tussock Grasslands 
Research Conunittee, 1954 .. ) In general it was claimed that 
most, if not all. erosion was a result of pastoral misman-
agement.. This claim was frequently debated and occasionally 
denied. (See for example, Morgan, 1960i Relph, 1962.) In 
1949 a Royal Conunission to enquire into and report upon the 
sheep farming industry in New Zealand reported: 
"New Zealand as a whole is little threatened by 
erosion ••• (p. 42) .... rnuch of what has been written 
or spoken on the subject of erosion in New Zealand 
can only be described as misleading propaganda. (p. 61) 
••• We think that Catchment Boards have no essential 
function to fulfil. We therefore recomrnend that 
Catchment Boards should be abolished." (p. 67) 
In view of the now accepted extent and severity of erosion_ 
and in the intensity of fonner debates it is a matter of 
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some surprise that there were, and still are, no measurements 
relating to the stability of soils on steep slopes. While 
this lack of data has been a handicap in the past it will 
without doubt b~;!come a greater barrier to progress in the 
future. 
In recent years a few investigations have been made of 
materials and techniques ·for the revegetation of high al tit-
ude eroded lands. (O'Connor and Lambrechtsen, 1967; 
Dunbar, 19671 Nordmeyer, pars .. comrn .. ) However before the 
results from studies such as these can be used in action 
programmes it will be necessary to know the benefits of 
such work in tenets of reduced soil loss or surface water 
runoff. 
1 • 2 PURPOSE OF STUDY 
It was therefore ided to up a study which, it 
was hoped, would deter~mine the extent of soil movement within 
one mountain catchment, and which would also assess the 
influence of plant cover and type on soil stability. 
1.3 METHOD OF STUDY 
To carry out such a study, a number of possible tech-
niques were considered, but the fractional acre runoff plot 
method appeared to have a number of advantages which could 
not be overlooked. The most important were that the tech-
nique had been used under diverse conditions in the 
United States for nearly 50 years with apparent success. 
In addition the plots were inexpensive, easy to install, 
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and could provide information in relatively short time periods. 
The use of this technique in erosion and hydrologic research 
is reviewed in Chapter 2. 
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CIlAPTEH 2 
REVIEW OF LITERATURE 
Elsewhere the author has reviewed the literature related 
to runoff plot studies (Hayward, 1967b), and critically dis-
cussed some of the major deficiencies of experimental design 
common to most studies. (Hayward, in press.) This chapter 
summarises the most important aspects of these papers. 
2.1 SCOPE OF FORMER STUDIES 
Runoff plots have been used in a variety of investig-
ations. 
Many authors have used plots to demonstrate the import-
ance of ground cover in reducing the rates of erosion, and 
in some cases, the rates of surface water runoff. (See for 
example, Uhland, 1935; Dickson, 1929~ Horner, McCall and 
Bell, 1944; Marston. 1952; Kittredge, 1954: Costin, 
Wimbush and Kerr, 1960; Gilmore, 1965; Boorst and Woodburn, 
1942; Veihmeyer, 1951; Lowdermilk. 1931.) Although these 
studies have shown the importance of ground cover they have 
all had one major deficiency. The extrapolation of data 
from plot to field is limited because these studies have 
not given assurances that the plot cover is representative 
of field cover. 
The importance of plant cover in preven·ting erosion has 
been widely accepted. Nevertheless in a cropping system 
plant cover must be destroyed in the preparation of the seed 
bed. A number of authors have uDed plots to investigate 
erosion losses associated with tillage practices and crop 
management. (Sse for example Moldenhauer and Wischmeier, 
1960; Young, Mutchler and W:i.schmeier, 1964" Van Doren 
and Bartelli, 19561 Meyer and Mannering, 1961: Neale, 
1939: Beale, Nutt and Peele, 1955; Whitaker, Jamison and 
Thornton, 1961; Lamy, 1949: Cameron, 1952; Logan, 19601 
Jones, 1961: Horner, 19601 Adams, Henderson and smith, 
1959; woodburn, 1945; Duley, 1939: Brill and Neale, 1950; 
Garde and Van Doren, 1949. ) 
Rainfall factors have been shown to be important to 
erosion losses. For example Moldenhauer and '\'\l'ischmeier 
(1960) found that the differences between CUltivation treat-
ments could be masked by high intensity rainfall .. Further, 
it has been found that i't is usually only a few storms which 
cause most erosion. (Lamb, Free and Wilson, 19441 
Carreker, 1954.) Wischmeier (1960) tested plot data by 
multiple regression analyses and found that the variable 
E.l. (where E = storm's total kinetic energy, I = maximum 
30 minute intensity) gave the best indication of the storm's 
ability to erode soil. 
Runoff plots have been used extensively to evaluate 
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the effectiveness of techniques designed to minimize erosion. 
For example Smith (1941) was able to recommend the vertical 
intervals between contour terraces. Dortignac and Hickey 
(1963) found that in some areas soil ripping could sub-
stantially reduce soil and water losses. Van Doren and 
Bartell! (1956), reviewed some earlier work and noted that 
strip cropping was effective in reducing erosion. A few 
authors have shown the benefits of leaving crop residues as 
a mulch to protect the soil surface. (Mannering and !,jfeyer, 
1961; Duley,. 1939; Horner at aI, 1944 i Taylor. Hays, Bay 
and Dixon, 1964.) 
7 
Comparatively few studies have been made of the influence 
of soils and soil factors on eros ion. However Peele (1937),· 
Van Doren and Bartelli (1956), Barnett, Rogers, Holladay and 
Dooley (196S) have assessed the relative erodibility of a 
number of cropping soils in the United States of America. 
Investigations such as these have contributed to the 
understanding of erosion and its prevention. However in 
reviewing the literature (Hayward, 1967b) it became apparent 
that almost every project had major deficiencies in its experi-
mental design. 
2.2 EXPERIMENTAL DESIGNS 
From the literature it is apparent that plot studies 
have been used for two related but diffe:t'ent purposes. 
Following Boughton's (1968b) suggested classification of 
hydrological research procedures, these can be classified 
as either "Experimental" or "Observational ll studies. 
An "Experimental" study is one in which the plots are 
established and the treatments are imposed on them. For 
example, in his study of intensity of grazing on soil loss, 
Dunford (1954) est~blished six plots and applied two rep-
licates of three treatments. An "Observational" study is 
one in which the treat:ments are measured where they are 
found. For example Costin, Wimbush and Kerr (1960) set 
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up plots in each of several plant corrununities to gain inform-
ation about erosion losses from each. 
When properly set up, the essential feature of each 
approach is that uExperimental li studies would usually be 
based on the randomised block design and "0bservational U 
studies would be based on a randomised sampling procedure. 
Despite different objectives, both have a number of 
common requirements. 
2.2_1 Replication and Randomisation 
Brandt (1941) discussed the design of plot experiments 
for lueasuring soil and losses. He noted that: 
"In addition to measuring the difference between two 
or more treatments ••• the experiment must furnish a 
criterion by which the degree of confidence that can 
be placed in the result may judged. • • For all 
designs are two requisites - replication and 
randomisation. There are two purposes in replication, 
increasing precision and providing an. estimate of 
error. There are other ways of increasing precision 
..• but no other way of providing an estimate of 
error. The sole purpose of randomisation is to 
ensure that the estimate of error be valid." 
Only four of 69 studies reviewed by the author appear 
to have met Brandtls requirements for good ign. For 
example Meyer and .IHanner,ing (1961) had two replicates of six 
treatments, and laid the experiment. out on the randofnised 
block design. Similarly Dunford (1954) used two replicates 
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of three treatments on a randomised block design .. A further 
19 studies replicated or partially replicated their treatments, 
but these were not assigned in random fashion. 
The general absence of an adequate experimental design 
means that the results from most studies must be used with 
care. At best they are unconvincing. At worst they may 
be misleading. 
2.2.2 Bias 
It has been almost universally accepted that plot studies 
are free from bias. Wischmeier, Smith and Uhland (1958) are 
the only authors who have mentioned the possibility of bias. 
Their concern was the problem of bias likely to be associated 
with using data over short time periods. 
"(Bias) usually minimized in good statistical 
designs by randomisation. But in soil and water 
loss studies effective randomisation over some of 
the extraneous variables may not be possible because 
of physical and economic limitations. For example 
in soil factor evaluation, it would be difficult to 
find a range of n~jor soil types within an area com-
pact enough to have identical rainfall. 1I 
Bias may be of real importance only in those studies 
which seek absolute values. Nevertheless the widespread 
failure to consider the possibility of bias means that the 
plot results cannot 
degree of confidence. 
extended to field conditions with any 
2.2.3 Data Analysis 
With generally poor experimental designs, it 'is not 
surprising that runoff plot studies are generally character-
ised by inadequate analyses of results. 
Forty six studies were reviewed which apparently did 
not replicate or randomise their treatments. Nevertheless 
most of these authors gave either quantitative results or 
an assessment of the relative effectiveness of the treat-
ments. The lack of proper design in these studies may mean 
that the results are either obscure or misleading (Brandt, 
1941) . 
Not all of the authors who replicated treatments 
statistically analysed their results. A few noted wide 
variations between replicates and meaned or totalled their 
treatinent data. (See for example Garde and Van Doren, 1949; 
Beale et aI, 19551 Jones, 1961: Logan, 1960; Cameron, 
1952.) 
However a few authors analysed their results for sig-
nificance at stated probability levels.. For example Dunford 
(1954) found that erosion losses were significant (5% level) 
only under . heavy g·razing .. From this he concluded that on 
the relatively gentle slopes covered by his investigation, 
moderate grazing \"as permissible. 
Duley and Ackerman's (1934) study is worth noting as 
they were the first (and rerLl.ain one of a minority) to test 
their results statistically. In -cheir study they found 
that runoff from short plots was greater than the runoff 
from long plots on 96 out of 114 occasions. Soil loss from 
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long plots was however greater than that off short plots on 
61 of 114 occasions. Using Salmond's DIE ratio* the authors 
found values vlhich suggested that the runoff results were 
real, and not due to chance. It was therefore safe to 
conclude that short slopes '''QuId yield a larger percentage 
of runoff than long ones. Erosion losses were less consist-
ent and the results did not appear to have statis·tical 
significance. 
In the United states of Arnerica most plot studies have 
been carried out on erosion - research s'i;.ations operated by 
the Department of Agriculture. Although treatments were 
not generally replicated at each location, the same treat-
ments were compared at several different locations. 'l'hus 
although differences in soil and rainfall effects were con-
founded with a location effect, it has been found possible 
to look closely at treatment comparisons on several soils 
under several rainfall patterns. (W.H. Wischmeier, pers. 
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cornm.) To do this, the data from many soil loss experiments 
were accumulated at the Runoff and Soil Loss Data Centre at 
Purdue Universi.ty. Up to 10,000 years' data have been 
assembled and analysed for the variables which are prirnarily 
responsible for the differences in soil loss and runoff from 
cropping land. Regression analyses have been extensively 
used and several variables have been shown to be closely 
related to soil and water losses. (,Wischmeier, Smith and 
Uhland, 1958; Wischmeier, 1959, 1960, 1966; Smith cmd 
Wischmeier, 1957.) 
These studies have improved our understanding of the 
factors affecting erosion and surface water runoff. However 
.. Where D == standard deviation and E = probable error 
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the results should not be accepted uncritically. Correlation 
techniques are valuable in testing well grounded hypotheses, 
but causality cannot be implied froIn their use. In addition 
there always the danger 'that correlation analysis will, 
if used by people who do not understand the mechanics the 
phenomena under investigation, yield nonsensical results. 
2.2.4 Extrapolation 
An outstanding feature plot studies is that spite 
the inadequacies of experimental design and data analysis 
many authors have confidently that the tesul ts had 
an application beyond the plot. For example Lagan (1960) 
reported: 
. . .. the results have been obtained from small plots 
under specific land use treatments, and are on a 
single slope and soil type and consequently must 
interpreted with these factors in mind. However 
both the soils and slopes are typical of much of the 
Wellington district (New South Wales, Australia) and 
it is considered that the results are applicable 
over a fairly wide area. 1I 
It is probable that there should be some consideration 
of bias due to boundary effects fore plot results can be 
applied to field conditions. The point is well illustrated 
by Carreker (1948) and Mach (1949). 
Carreker reported that in one storm, the maxiruUIu .rate 
runoff from a 19.2 acre catchment was 2.3 inches 
However on fractional acre plots of similar slope 
hour. 
cover, 
the maximum runoff was in excess of four inches per 
hour. ~1ech found that on 900 foot plots· there was active 
soil movement in upper mid sections but there was 
no loss at the bottom of the ploto 
The author has been unable to find any study which 
considered boundary effects \vhen extrapolating its results. 
13 
A number of attempts have been made to relate plot data 
to field conditions by using rational or empirical equations. 
(Zingg, 1940~ Musgrave, 1947; Smith, 1941; Smith and 
'Whitt, 1948; Van Doren and Bartelli, 1956: Wischmeier, 
1961, quoted by Olsen andWischme ,1963.) Of these the 
Universal Soil Loss Equation (Wischmeier, 1961) is probably 
the most iable/l can be used with reasonable confid-
ence in those areas for which it was signed. 
In this equation A = R.K.L.S.C.P. 
where A r,,:; soil 
R ::;;; rainfall erosion index 
K -- soil erodibility factor 
L .- length slope factor 
S percent slope 
C ._. cropping-manageme.nt factor 
p ::::: special conserva.tion practices factor 
A and K are expressed tons acre while all other factors 
are dimensionless. The relation between, and values of, the 
factors in this equation have been discussed by Smith and 
Wischmeier (1957), Wischroeier, Smith and Uhland (1958), 
Wischrneier (1959, 1960 f 1966), Olsen and Wischmeier (1963). 
ok These "plots" were actually irrigation furrows 
2.3 .PLOT DESIGN AND EQUIPMENT 
Details of plot design and equipment have been given 
by Costin et al (1960), wiltshire (1947), Garcia, Hickey 
and Dortignac (1963), Mutchler (1963) and Soons (1966). 
Oftnese Mutchler's description is the mostcomprehensiv9. 
He has described: 
1. Borders around the plot· to define the measured area. 
2. The collecting equipment to catch and concentrate 
runoff from the plot. 
3. Conveyance equipment to carry runoff to the sampling 
unit. (This may include a meas~ring flume with an 
anti-sedimentation device.) 
4. The sampling unit to aliquot the soil loss and run-
off into manageable quantities. (This equipment 
is usually installed only with bigger plots where 
large quantities of water and soil are expected. 
Various devices have been used but the most conunon 
are the Geib multislot divisor, or the Coshocton 
type rotating slot sampler.) 
5. storage tanks to hold aliquot portions of water and 
soil for analysis. 
tfith the possible exception of the sampling equipment, 
these components are common to all studies. However there 
appears to be a wide diversity in their design. Mutchler 
attributed these differences to a lack of cOlnmunication 
between workers, the different requirements of each study, 
and each author1s belief that his design was adequate for 
his purpose. 
14. 
studies undertaken at the erosion research stations of 
the United states Department of Agriculture have tended to 
use plots 6 x 72~6 feet, (0.01 acre in area) . How-
ever of the studies reviewed v there were nearly three 
quarters as many plot sizes as there were studies. These 
ranged from eight square feet laboratory plots (Duley, 1939) 
to slightly over one quarter acre field plots. 
Stauffer and Kidder, 1950_) 
(Van Doren, 
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UExperimental lt studies have generally used sophisticated 
conveyance equipment and precision sampling units. In con-
trast "Observational!! studies have tended to use simple 
equipment which more easily transported to remote areas. 
It appears much of the interest and attention of 
runoff plot method has centred around the search 
and use of, precision equipment. comparatively little 
attention has been given to experimental design, and b s. 
This leads the author to the general conclusion that plot 
studies may often have used precision equipment to measure 
inaccurate values. 
CHAPTER 3 
THE STUDY AREA 
3.1 LOCATION AND AREA 
The study area is a 75 acre catchment in the headwaters 
of· starvation Gully in the Rakaia catchment. (Fig. 1 
Plate 1.) It is reasonably IIrepresentative lt of the drier 
sub-alpine/alpine Canterbury high country and was chosen 
largely because of its accessibility. (state Highway 73 
rises to 3,100 at Porter' a Pass and is within half a, mile 
of the catchment.) 
3.2 GEOLOGY AND TOPOGRAPHY 
The basement rocks are greywacke (sandstones) with 
minor amounts of argillite (siltstone). A distinctive 
feature of these is their complex fracture system. Diurnal 
temperature changes and frost action cause an unequal expan-
sion and contraction of the rock mass and angular fragments 
split off .. 
Table 1 sets out aome of the main topographic features 
of the catchment as defined by Boughton (1968a). 
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Sub arflas of thfl study catchmflnt 
/ 
/ South Island NZ. 
/ 
Fig. 1 
Location and sub areas of the study catchment 
Plate 1 (facing) 
!'he .t.udy area in the beadwater. of the Raltaia 
catchment 
State highway 73 and Porter' •• aaa in bott.om right. 
Foggy Peak 5685' 
,. ")I-
• I~ -: {' 
,. ~ . 
, . 
TABLE 1 
Some topographic features of the study catchment 
Maximum basin rel 2,000 feet 
Stream length 40 chains 
Catchment area 75 acres 
M.aximum basin length 55 chains 
Average width of catchment 2 chains 
Form factor 0.05 
Compactness coefficient 4.~ 
Circularity ratio 0.5 
Elongation 0.2 
Mean stream slope 1:1.7 
Although the general catchment aspect is south by south 
west, approximately one third is south east, one third is 
south by south west, and one third is nprth west. 
3.3 SOILS 
The soils of the catcmnent have 
Molloy (1964). Tekoa-like soils are 
described by 
under the 
DracoEhyllum scrub - Chionochloa. grassland on the shady 
face, and Kaikoura-like soils are found on sunny face. 
Above 4,700 feet there is a small area of alpine If soil I! • 
A detailed description of these soils is given in Appendix 
A. 
Although the broad pattern is fairly simple, the 
physical factors of the environment and past land ut:'e have 
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substantially modified some soils. On exposed north facing 
slopes alrnost all the topsoil and some of the subsoil has 
been eroded. The shallow soil which still remains is 
usually covered by angular rock fragments. The Tekoa-like 
soils on the shady face have suffered least erosion. 
Despite the differences in profile depth these soils 
have several corrunon features. 
1. They are weak.ly weathered and strongly leached. 
In consequence they contain poor reserves of the 
essential plant nutrients. 
2. They are friable, and have weakly developed crumb 
to nutty structures. Soil aggregates are easily 
pulverised. Therefore when exposed they are very 
susceptible to erosion by wind and water. 
3. They have low bulk densities, and good total 
porosity and macroporosity values. 
3.4 CLIMATE 
The climate in the vicinity of the catchment is gener-
ally cool and moist. In 1958, Molloy (1959) established 
four temporary climatological stations in and adjacent to 
the catchment. Appendix B surmnarises some of his data for 
the 11 rnonth period December 1957 to Novernber 1958. He 
found that on 44 percent of the days in his study the cloud 
base was below 3,000 feet, and was accompanied by fog, rain 
or snow. 
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Wind is the dominant climatic feature. Porter's Pass 
is a."topographic gap" between the Henmore Range and the 
Torlesse Range through which north-west and south-west 
winds are f\mnalled. 
North-westerly winds are usually strong and dry, but 
may occasionally bring rain, or snow. Easterly winds 
usually bring mist and drizzle. Southerlies are usually 
rain or snow bearing. Fig. 2 is a summary Molloy's 
wind frequency and direction data for the period of his 
study. 
N 
~ 
" 1.0 2.0 
Frflquflncy pflrcflnt 
Fig. 2 
Wind frequency and direction, Porter's Pass 
December 195'1 - Novernber 1958 
(from data presented by Molloy. 1959) 
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Snow falls may occur throughout the year, although even 
in winter these seldom lie for long. However during the 
winter and spring of this study exceptionally heavy falls 
covered most of the catchment above 3,500 feet. 
3.5 VEGETATION 
Pr:ior to the Polynesian occupation of New Zealand the 
catchrnent was covered by mountain beech forest up to 4,300 
feet., and tall tussock grasslands and scrub above this. 
Between 500 and 1,000 years ago fires destroyed the forest. 
An indefinite period of instability followed, during which 
soil was stripped from upper catchment and the present 
alpine scree field was formed. The beech failed to 
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regenerate and in 
scrub - £h!9nochlo~ 
place the px'esent cover of oracophyllum 
sland developed. The condition of 
the vegetation at the time European occupation is a 
roatter of speculation. There is little doubt that the 
pastoral practices repeated burning and overgrazing by 
sheep have influenced the present pattern but it is probable 
that the rno striking transformations occurred prior to 
European occupation. (Molloy, 1963.) 
Molloy (1959) has described in detail the vegetation 
of the catchment and adjacent land. The face 
dominated by heath Dracophyllul'rl acerosum. It forms a 
dense scrub front two to five feet high, with a thick carpet 
of small herbs, bryophytes and leaf litter. The most 
important associated plants are Chionochloa l'ig:idC'I., Coprosma 
~eseman..li, 9. :eseudocune~, 
Celmisia spectabilis. 
and 
On the sunny windward face the plant cover 
tinuous and less dense. "I " of vegetation are 
separated by areas of bare sailor erosion pavement.. In 
addition to the species found on the shady face the sunny 
face supports Podocarpus nivalis, H%ffienanthera aleina and 
a number of other minor species. A feature of both sunny 
and shady faces is the absence of exotic sward grasses and 
herbs. 
Between 4,000 feet and 4,300 feet the scrub-tussock 
cover includes c. pallens in the gully head. The community 
becomes more open and discontinuous towards the exposed 
Foggy Peak ridge. 
A mobile scree occupies both shady and sunny slopes 
across the middle of the catchment.. A comparatively stable 
scree occupies the land c. 4,300 feet. Plant cover 
is extremely sparse on both areas. 
23 
CHAPTER 4 
EXPERI~lENTAL 
4.1 OF EQUIPMENT 
Plate 2 and Fig_ 3 give the layout and dimensions of 
the plot equipment. Although this equipment is similar to 
that described by Costin et al (1960), Soons (1966) and the 
New Zealand Forest Service (C.L. O'Loughlin, pers. conml.) 
the only basis for its use was the author's belief that it 
would be the most suitable for this study . 
. Borders 
The plot borders were of 22 gauge galvanised iron 
and enclos~.an area 0.001 acres. Each side was rein-
J' 
forced byya folded upper edge and the sides are sealed and 
Si' 
bolted together. They were buried 4 inches to 6 inches 
into the soil. 
Collection Trougq 
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The collection trough was made of 5 inch P.V.C. "Cromac H 
spouting and fitted with a stop-end and drop-end. To prevent 
the direct capture of rainfall. the trough was shielded by an 
inverted length of spouting. (Fig. 4) Each end was bolted 
to a plot side, and the region between the trough and soil 
was sealed with bitumen. 
1. 
2. 
3. 
4. 
Plate 2 
Runoff plot equipluent 
Plot sides 
Shielded collection trough 
Fibre glass reduction union 
storage drum . sediment trap . 
and conveyance hose 
suspended inside 
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4 1 6'" 
c:: ~ .~ ~ ..... ~ 
.. ~ ........ .. \ ... fI) 
'" 
f\a .~ 15 .... ... "b 
~ 0 
........ 
Fig .. 3 
Dimensions of runoff plots 
Conveyance Equipment 
Fibre glass reduction unions were made to connect the 
drop-and of collection trough to the 5 feet to 10 feet of 
l~ inch P.V.C. hose used to carry soil and water to the 
storage equipment. 
Storage Equipmeq:; 
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Nine gallon steel grease cartridges were stream cleaned 
and treated with IITarmanel ll to provide the basic storage unit. 
plot sidtl 
shitlld 
trough 
protflctivfl 
rock 
stldimflnt 
Fig. 4-
Cross section through collection trough 
showing shielding of the trough, and the 
bituminous sealing between soil and trough 
.Inside each,. a wide neck !a gallon plastic jar was suspended 
below the hose outlet to act as a simple sediment trap. 
Ancillary Eguipment 
Raingauges. A 4 inch uM.arquis" raingauge was installed 
at each site. Each ga.uge was set with ita oriftce parallel 
to the slope in the belief tha't this arrangement:. would give 
the most reliable information about rainfall at the site. 
(Hamilton. 1954.) 
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Anemometer. An anemometer was installed on the Foggy 
Peak ridge at plot 20. This machine was discarded by the 
New Zealand Meteorological Service, but repaired by 
author for this study. It was calibrated with the anem~ 
ometer at the Lincoln College Meteorological stati.on 
July to Novenilier 1967. Wind mileage was predicted from 
the regression equation 
y = 13.5 + 1.37 X (r = 0.97) 
4" 2 EXPERIMENTAL DESIGN 
In Boughton's (1968~) classification of hydrological 
procedures this is an "Observational" study. 
of study were: 
The objects 
1. To determine total soil lost the catchment. 
2. To quantitatively assess the influence of plant 
cornmunities on soil losSq 
The plots were to be used to sample the behaviour of 
sub areas (or communities) of the catchment with respect to 
their soil loss and surface water runoff behaviour. 
The catchment was divided into five regionally 
homogeneous sub areas. (Fig. 1,Plate 3 .. ) 
Sub area I was a mosaic of snow tussock, DracophylluIT! 
scrub and bare ground, on the sunny face. 
Sub area II was the mobile scree on both shady and 
sunny faces in the centre of the catchments. 
Sub area III was the Dracophyllum scrub on the 
shady face. This sub area was subdivided along an old fire 
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Plat.e 3 
Plot locations and sub areas within the study catchment 
(see legend for Fig. 5) 
2 9 
Fig. 5 
Plot locations and sub areas 
within the study catchment 
o 2 4 6 8 10 
_ .... - 1M) 
chains (approx.) 
30 
31 
LEGEND FOR FIG. 5 
Q '+ Sub-area I Discontinuous bare ground and Dracoehy11um 
scrub 
Plot 20 Raingauge, plotless area, control trough, 
anemometer 
plot 19 Raingauge, plotless area 
plot 18 Raingauge, plotless area 
plot 9 Raingauge, plotless area, control trough 
m Sub-area II Bare ground 
Plot 10 Raingauge, plotless area 
Plot 15 Raingauge, plotless area 
Plot 16 Raingauge, plotless area control trough 
Plot 17 Raingauge, plotless area, control trough 
D Sub-area III Dracoehyllum scrub 
Plot 1 Raingauge, control trough 
Plot 2 Raingauge, control trough 
Plot 3 Raingauge 
Plot 4 Raingauge 
E:J Sub-area IV Sub-alpine snow tussock grasslands and I C">,, Dracoehyllum scrub 
Plot 11 Raingauge, plotless area, control trough 
plot 12 Raingauge, plotless area 
Plot 13 Raingauge, control trough 
Plot 14 Raingauge 
8 Sub-area V Alp.ine scree Plot 5 Raingauge, plotless area 
Plot 6 Raingauge, plotless area control trough 
Plot 7 Raingauge, plotless area 
Plot 8 Raingauge, plotless area, control trough 
Riparian land excluded from the study 
boundary into taIlor shorter scrublands. 
Sub area IV was the scrub-tussock grassland community 
betweell 4,000 feet and 4,300 feet. 
Sub area V was the comparatively stable alpine scree 
above 4,300 
It was decided that 20 plots would be the maximum 
number that could be installed and maintained with the 
available resources. This would allow four replicates 
in each of the five Utreatm.ents" '" 
within each sub area the plot locations were randomly 
chosen on a map by using g'rid co-ordinates and a table of 
random nun~ers. The position of each plot was deternlined 
in the field by theodolite survey. Fig. 5 shows the 
location of the 20 plots. 
The important feature of this fii.ethod of plot selection 
was that every point within ill sub-area had an equal chance 
of being chosen to represent the area. This means that 
the design would provide a valid estimate of the error 
associated with the Tnean soil loss from each sub area. 
However random sampling has a number of potential diffic-
ulties. within each sub area a reserve site was chosen. 
This would have been used. if a chosen site had, through 
inaccuracies in mapping, been located in the wrong sub 
area, or outside the catchment.. Plate 4 shows the rock 
outcrop chosen as the reserve site for sub area II. It 
would almost certainly have been impossible to establish 
a plot on this site. However, if difficult sites were 
rejected, the sample could not have been considered rep-
resent the comnmnity. Plate 5 shows that at plot 11 it 
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Plate ":1 
The rock outcrop chosen as the 
reserve s:i..te: in Dub area II 
Plate 5 
Plot 11. In order to establish a plot at this site 
a "dog-leg" had to be made in one plot side. The 
straight edge, used to detect changes in slope and 
ground surface can be seen mounted on the datum pins 
on the left hand .side of the plot. 
33 
was necessary to construct a "dog-leg·1t in one plot side to 
establish the plot on the selected site. 
The only of the catchment which was excluded from 
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sampling was 'I::he small area of riparian land shown in Fig. 5. 
Appendix C gives a detailed description of the ground 
cover of each plot. 
4.3 BIAS 
In Chapter 2 it was noted that the problems of biased 
data had received scant attention in prev ious stUdies. Front 
intuitive reasoning and observation, a nmilber of sources of 
bias were identified. Where sible, steps were taken to 
quanftitatively assess the importance of each source. Where 
measurentents were no·t feasi.ble. observations were made to 
indicate possible importance of each source. 
4.3.1 Bias Caused by Plot Sides Interrupting Overland 
Flow 
Most theories of overland flow hold that the depth and 
velocit.y of flow increase "fith distance. The plot sides 
therefore interrupt:. the natural movement of surface water 
"dt.hin each plot a nevi overland flow fi.lm will be 
up. Because of this 
undereBtin~te soil lOBS. 
depend on plot location. 
may be assumed that plots tend to 
The importance of this bias should 
Normally the bias could be expected 
to become greater distance from the catchment boundary. 
An attempt was made to evaluate this source of bias by 
comparing rates surface rnoverlient inside and outside those 
plots with more than 50 percent bare ground. Two lines of 
graded ~ inch painted gravel were laid inside each plot and 
two lines were established on the "most comparable sitel! 
with 10 yards of the plot. It was realised that stones of 
this size tend to be unresponsive to overland flow. How-
ever, an earlier trial using paint lines on surface soil 
particles had shown that it was difficult to re-locate 
fragments smaller than ~ an inch.*· 
4.3.2 Bias Caused by Direct ~aRture of Rainfall 
Within the first weeks of the study it became obvious 
that despite the shielding of the collection trough a sig-
n icant proportion of the water collected as "runoff kl was 
in rainfall. On several occasions the author observed 
rainfall being blown into the collection troughs, and 
accumulating in the sediment trap .. 
there was no surface runoff. 
On these occasions 
TO assess the significance of this inaccuracy 10 
collection units (licontrol" troughs) were set up adjacent 
to plots, but mounted two inches above the ground surface. 
These were randomly assigned, two to each sub area. Fig. 5 
shows. their location. Plate 6 shows the control trough at 
plot 20. 
4.3.3 Bias Caused b~ the Capture of Windblown Sediment 
Appendix A shows that these soils are very friable 
have weakly developed structures. Their aggregates are 
* The principal reason for this appears to be the ml.Xl.ng of 
surface particles "lith soil body by freeze and thaw 
cycles, and the associated soil creep on steep slopes. 
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Plate 6 
'l.'he "control" trough at plot 20. 
Although this trough was raised two 
inches above the soil surface it 
retained 0.12 lbs of soil, or four 
percent of the yield from plot 20. 
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easily ,Pulverised .. After a frost heave cycle, the surface 
soil pai'ticles on areas of bare ground become loose and 
detached from the soil body. In this condition they are 
extremely susceptible to erosion by wind. On many occas-
ions the author ob$erved soil and fine sand being blown into 
the collection troughs. 
The collection t:roughs set up to measure the amount of 
direct capture rainfall were also used to assess the si9nif-
ioance of wind-borne sediment. However, this could only be 
a qualitative assessment. The collection troughs were 
installed about two inches above the ground to allow the 
natural movement of surface material underneath them. It 
is therefore probable that they would not collect particles 
moved by creep and only some of the finer particles moved 
by saltation, and suspension. 
Nevertheless it was hoped that a comparison of particle 
sizes and weights of material collected from plots and plot-
less troughs would indicate the possible significance of 
this source of bias. 
4.3.4 Bias Caused by Alte~atio~ of Plot Slope 
Several authors have compared the behaviour of a 
single plot or treatment over a period of years. Some 
have suggested that this replication in time overcomes the 
objections to a lack of treatment replication .. 
The author suggests that such comparisons are probably 
only valid when, 
1. There i,E no change of slope with time, i .. e. the 
collection troW3h can be lowered to match the 
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lowering of the surface soil caused by erosion. 
2. There is no real difference in the composi'tion of 
the eroding surface soil particles and -those the 
soil body. 
TO detect c:hanges in slope with time, three feet long 
deformed steel daturrt pegs were established above and below 
each plot. A straight-edge was placed between these, and 
distance to the soil surface measured at 3 inch intervals 
down the plot. Two surface profiles were recorded on 
those plots where surface movement was expected and two 
were recorded on the adjacent "plotless" areas .. 
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4.3.5 Bias Caused b~ Leakages Into, and Outof, the Plot 
On most bare ground sites the author was apprehensive 
about his ability to seal plot lnst surface water 
adjacent areas. This was caused mainly by the porous 
and stony nature of the soil. Fig. 6 shows where leakages 
were anticipated. To provide a qualitative assessment of 
this source of error, the water soluble dyes Lanasol Red 
and Sodium FluQrsene were spread on the soil·surface 
irmnedi,a tely above plots 18, 19 and 20. 
4.4 PROCEDURES 
4.4.1 Field Procedures 
The plot materials and ancillary equipment were trans-
ported ·to Por"ter' s and packed into the catchment. All 
plots were established between April and June 1967, and 
6 
Diagramatic longitudinal section through a 
plot showing lines of leakages 
plot side 
col/action trough 
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allowed to settle in during the winter and spring.. Measure-
ment of soil and water losses were started in November 1967 .. 
It was planned to service the plots after each storm 
event and during severe storms. However, weather conditions 
in the study area forced many servicing trips to be abandoned. 
strong winds made the physical task of climbing between plots 
extremely difficult, and made the accurate measurement of 
rainfall and runoff an impossibility. During the winter of 
1968 exceptionally heavy snowfalls were recorded throughout 
the South Island high country. From. June until early 
october most plots were under a continuous snow cover. Under 
these conditions many plots could not be located. This 
together with the problem of frozen sediment traps made 
winter servicing difficult and unrewarding. 
On each servicing trip: 
1. Rainfall for the last period was mea • 
2. Surplus water in the sediment trap was decanted off 
and measured, to reduce the weight of each sample. 
3~ Overflows held in the storage drum were either 
pumped out or mopped out and measured. 
4. Sedimen't traps were replaced and broug'ht back to 
the laboratory for an analysis of the eroded soil. 
Surface soil and stones retained in the collection 
trough were collected once every two months. On these 
occasions sediment was also flushed from the conveyance 
hose. 
The surface profiles were measured in December 1967 
and again in November 1968. 
Plate 7 
Plot 20 Au ~t 19~8 
Plat . .::! 
Porter's Pass July 1968 
Looking tm'v'ards the study cat.chrllent 
·1 
The lines of painted gravel used to compare movement 
inside and outsi .. de each plot were to have be(3n measured 
every two months. However only one re-measurement was 
possible. Snow precluded re-measurement during the lATinter, 
and frost-lift in the spring destroyed most lines .. 
4.4.2 La~orator~ Procedures 
These were basically simple .. The first stage was to 
filter the sediment from the sarnple, using a qualitative 
filter paper. This retained particles coarser than "fine 
crystaline" but did not retain colloidal material.. The 
loss of colloidal material t'l7aS found to be unimportant. 
Where the filtrate was evaporated to dryness weight 
of colloidal material was found to well within the 
error value for laboratory weighing.. Plate 9 shows the 
20 filtering units set up to handle all samples at the 
same time. 
The sediment was then oven dried and weighed. Where 
necessary, organic matter was floated off and the sample 
redried and stored~ 
In November 1968 the accumulated sediment was sieved 
for particle size determination. 
42 
Plate 9 
Part of the filtration unit se'l: up in the 
laboratory. The hal f gallon plastic jars 
were suspended inside the storage dn.lll!s to 
act as sediment traps. 
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CHAPTER 5 
RESULTS 
5.1 SOIL LOSS 
It is assumed for the moment that the plots were normally 
distributed throughout each sub area, and their data were not 
biased. 
Table 2 shows the total soil loss from all plots during 
the period November 1967 to November 1968. It also shows 
the distribution of particle s the eroded material. 
These results are also shown diagramatically in Fig. 7 .. 
Table 3 shows the mean value for soil loss from each 
sub area and the uncertainty assoa with each estimate. 
These are presented diagralnatically in Fig. 8~ 
The analysis of variance method was used to establish 
the significance of the differences in soil loss between sub 
areas. The null hypothesis adopted was that there were no 
in soil loss be·tween sub areas, and that the 
differences were chance events. The analysis 
(A.ppendix D) failed to disprove this hypothesis the 99%, 
95% 90% probability levels. 
5.2 BIAS 
5.2.1 Plot Sides Interrupt Overland Flow 
The movements of lines of ~ inch stones inside and out-
side plot 9, 18, 19, 20, 10, 15, 16, 17 and 12 are shown in 
ttl 
w 
f-I 
rU 
'§ 
(/} 
1 
II 
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TABLE 2 
Total soil loss from all plots Novewjer 1967 -
November 1968 : and particle size distributions (lhs) 
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Soil Particle Size Dis'l:.ributions 
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9 2.34 0.61 0.77 0.57 0.16 0.23 
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16 13.70 0.44 1.85 Llt.93 2.18 3.65 0.65 
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I O.OB 0.07 0.01 
2 0.04 0.02 0.01 0.01 
3 0.01 0.01 trace 
4 0.03 0.02 0.01 trace 
11 0.39 0.22 0 .. 08 0 .. 04- 0.05 
12 1.59 0.42 0.36 0.33 0.2 0.26 
13 0.04 0.03 0.01 trace 
14 0.03 0.02 0.01 trace 
5 0.42 0.07 0.05 0 .. 05 0.25 
6 0.2S G.IS 0.06 o. all 
7 0 • .31 0.15 0.08 Oa06 0.02 
8 0.08 0.02 0 .. 02 0.02 0.02 
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Fig. 7 
Diagramatic representation of total soil loss 
(November 1967 - November 1968) from the four, 
plots in each sub area 
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TABLE 3 
Mean value of soil loss from four plots in each sub area (lbs) 
3.04 
4.49 
0.04 
0.50 
0.26 
Stw."ldard 
error 
0.33 
3.10 
+ 0.02 
+ 0.37 
± 0.07 
Confidence interval 
30% 
+ 0.55 1 .. 03 
+ 5.10 + 9.88 
+ 0.02 0 .. 04 
.:t. 0.59 1.17 
+ 0.11 + 0.22 
Range within which 
there is a 95% chance 
of mean will be 
found 
2.01 4",59 
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Fig .. 8 
Diagramatic representation of mean soil loss 
from each sub area and range within which the· mean 
will be found on 95% of all ocoasions 
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Appendix E. Table 4 shows the average movement of stones 
inside and outside each plot. 
On the assumption that these differences were due to 
the protecting influence of the plot sides, they were 
examined by: 
1. Students' t. test 
2. The analysis of variance 
The Students' t. test iled to deIHonstrate significant 
differences in the mean movement stones inside and out-
side each plot. The analysis of variance indicated that 
there was greater variability of movement within either 
plots or plotless areas than between them. 
5.2.2 Direct Capturlil of Windblown Sediment 
Table 5 shows the yield and particle size distribution 
of material collected in troughs suspended two inches above 
the ground. These results are shown diagramatically in 
Fig. 9. 
The total yield from all "control" troughs amounted to 
7 percent of the yield from the associated plots (1.41 Ib 
v. 20.32 Ib). However Table 5 shows that this ranged from 
2 percent (plot 16) to 71 percent (plot 17) • 
If soil fraction is considered by itself, the yield 
from all "control ll troughs was 30 percent of that from the 
plots (0.61 Ib v. 1.98 lb). The range was from 3 percent 
(plot 11) to 88 percent (plot 17) • 
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Sub area 
'liABLE 4 
Average movement of !;i inch gravel lines 
inside and outside plots 
Average movement per 
Plot No. (inches) 
stone 
inside plot outside plot 
--"- .. -
_____ ~ __ ~_c.,L _____ "_ 
9 9. 6 .. 0 
18 6.7 3 .. 6 
I 19 19.3 16.5 
20 4.9 4.7 
_ ...,,,. 
, 
............ -' -.-----.. .. -
--
10 11.0 33.2 
15 11 •. 5 10.3 
II 16 9.5 9 .. 8 
17 6.2 4.3 
IV 12 .9 .. 6 
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TABLE 5 
Soil fron,l "control I! troughs two inches above ground 
surface; March - November 1968 : and particle size 
distribution 
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9 0.52 22 o. 35 0.22 0 .. 08 
20 0.12 4 i 0 .. 11 44 0.01 trace 
. 
, 
16 o .~3l 2 0.09 20 0.10 0.09 
17 0.39 71 0 .. 15 8B 0.09 0 .. 11 
" 
1 0.02 +9 0 .. 02 17 trace 
2 trace 7 trace 10 
11 0.01 3 ,0 .. 01 3 trace 
13 trace 13 trace 8 trace 
6 0.02 8 0.02 11 traoe 
8 0 .. 01 '8 0.01 27 trace 
-
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5.2.3 Changes in Plot Slope 
The re-measurement of a number of profiles on the same 
day showed that the distance from the straight edge to the 
soil surface could be measured to 
i + Jz inch on all occasions 
.. 
+ % inch 96 percent of all occasions J.J. on 
iii + ~ inch on 73 percent of all occasions 
iv + ~ -g inch on 30 percent of all occasions 
It was therefore decided to reject differences of less than 
~ of an inch. 
The best indication of slope change is shown in Fig. 10 
which records the changes of the soil surface on both lines 
at plot 16. The first stages of slope change on plots 12, 
15, 17, 18, 19 and 20 were observed, but less easily detected 
by measurement. A distinct alteration in the size of sur-
face material was associated with these changes in plot 
surface. This was most evident on plot 19, (Plate 10) but 
was also observed on all plots in sub areas I and II and on 
plots 11 and 12 in sub area IV. 
In sub area V (alpine scree), there was some movement 
of the angular rocks, but general changes in slope could not 
be detected .. 
5.3 RUNOFF 
The collection of "surface water" runoff was abandoned 
after the autumn of 1968 when it was found that the data were 
excessively biased and subject to major errors. 
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Fig. 10 
Changes in soil surface at plot 16 
December 1967 to November 1968 
Plate 10 
Plot 19. The d otted lines show the 
movement of the surface stone pavernent 
5.3.1 Direct. capture of Rainfa~~ 
Table.6 shows the yield of IJrunoff" from plots and 
"control" troughs from some selected storms. On many 
occasions the storage capacity of the control troughs was 
exceeded. These events have not been included. For 
storms in which the "controll! trough storage capacity was 
not exceeded rainfall in the ncontrol" trough accounted 
for 30 percent of the total runoff from all plots. 
However, this average has little real meaning. Table 
6 shows that the average for individual plots varied from 
2 percent (plot 11) to 78 percent (plot 8) • In addition 
there was considerable variation between storms on t.he same 
plot. For example at plot 13 the yield f.t;'om the "control" 
trough varied from 13 percent to 204 percent of that from 
the associated plot. 
5.3.2 Leakages 
Clear evidence of leakages into the plot was obtained 
at plot 18. The water soluble dye Lanasol red (spread on 
the ground above the plot) was found to stain the soil sur-
face for about 18 inches inside the plot. However neither 
this nor the sodium fluor scene (spread above plots 19 and 
20) could be detected in the "runoff" water. 
5.3.3 Ina Influence of the Plot Sides 
The effect of the plot sides on air flow and precipit-
ation at the ground surface was not measured. Nevertheless 
this was observed at plot 19 as snow accumulation in the lee 
of the plot side and the adjacent raingauge (Plate 11). 
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TABLE 6 
Some selected runoff results from plots and 
"control" troughs 
-... fj ... , 
Rainfall lueasured in1inches 76 - Cont.rol trough yield 
Runoff measured in c.c. as ~ of plot yield for all storms 
Percentage 
9 Rainfall 284 56- 95 
plot 5,330 270 3,080 
"control ll 3,000 1,090 1,420 6SO,.,6 
I 
20 Rainfall 322 33 37 
plot 11,,950 1,120 2,7'70 
"control" 4,390 500 1,390 40% 
-
.... " .. ~ .... .,-----""--~--~ 
16 Rainfall 290 42 ? 
plot 5,345 690 1,310 
~I cant roll' 2,040 340 500 40,% 
II 
17 Rainfall 46 43 276 
plot 500 415 6,510 
Ucontrol tl 430 270 3,000 50% 
. 
-""*'! . 
1 Rainfall 47 42 43 
plot 715 805 2,370 
I, con.trol It 71.5 470 750 42% 
III 
2 Rainfall 300 97 23 
plot 5,130 1,520 725 
"control" 530 0 755 20% 
-
••• Table 6 continued 
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Table 6 cont.inued: 
11 Rainfall 300 91 
plot 8,510 2,540 200 
"control () 390 0 2% 
IV 
13 Rainfall 278 104 44 
plot 5,450 9BO 890 
"controll! 2,500 2,000 1,190 
6 Rainfall 283 56 241 
plot 7,300 300 5,580 
II control If 3,670 500 4,000 52% 
V 
8 Rainfall 101 37 215 
plot 2,170 1,130 3,520 
"control" 1,480 1,000 3,830 78% 
Plate 11 
Plot 11 showing the accUI,lulation of 
snow in the lee of the plot side, 
and the ad j acent raingauge 
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CHAPTER 6 
DISCUSSION 
6.1 SOIL LOSS 
6.1.1 Homogeneity and Sample Size 
The outstanding feature of this study is the variability 
in the yields of eroded material from so called homogeneous 
areas. It was noted that an analysis of variance suggested 
that there was greater variability of soil loss within sub 
areas than there was between them (at 1%, 5% and 10% signif-
icance levels). 
However, a basic assumption of the analysis of variance 
is that the variance of each treatment (or sub area) when 
taken separately, is the same. Table 3 shows that the 
standard error for each sub area ranges from 0.02 lb to 
3.10 lb per plot. These differences in standard error 
mean that there will be comparable differences in variance. 
It is therefore doubtful if the use of the analysis of vari-
ance method as shown in Appendix D(a) is a legitimate one. 
In order to legitimately use this method of analysis 
the data were transformed to lIequalise" the variance from 
each sub area. As there was a slight suggestion that the 
standard error was proportionate to the mean from each sub 
area, a logarithmic transformation was used. Appendix D(b) 
shows the analysis of the transformed data, and shows the F 
value to be highly significant (1% significance level). In 
other words the soil loss yields 'W'/hen logarithmically trans-
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formed suggest that the differences between sub areas are more 
important than the within sub area differences. 
While this analysis of transformed data may be a stat-
istically valid procedure, the author has a. number of reserv-
ations about its re~A worth. A logarithmic t.ransformation 
is irly drastic, and has the effect of shortening the long 
right tail of the distribution and lengthening the short left 
tail. This means that whereas the yield from, say, plot 16 
made a very sUbstantial contribution to the total variance 
of the "raw!! data, it has only a slight influence when the 
data are transformed.. Because this trans·fiormation lessens 
the influence of high yields, :it also has the effect 
altering the ranking order for mean soil loss. Whereas 
in Appendix D (a) mean losses are ranked II ~ I') IV:;. V :;. III 
their order in Appendix D (b) is I ') II') V > IV :> III .. 
This discounting. of large events and promo'l:ing of 
smaller events Inay be legitimate in studies where size above 
a critical level is unimportant. For example river flows 
of 100 or 200 cusees would be of little importance if all 
flows exceeding 50 cusees caused maximum damage. 
However in this study the author believes the ... lide range 
of yields to be extremely important. It suggests that these 
apparently homogeneous areas are in fact highly variable with 
respect to its soil loss behaviour. Any attempt to minimise 
the influence of high yields merely to obtain statistical con-
formity is difficult to justify. Results obtained in this man-
ner would have a doubtful value and could in fact be misleading. 
The difficulty with these results is that because there 
is a wide range of variance between sub areas they are not 
suited to analysis by the analysis of variance method. The 
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variance may be equalised by a transformation procedure. 
However this technique has the disadvantage of giving results 
with an uncerta.in real meaning. 
Despite the difficulties of statistically analysing the 
resul ts, the yields shown in 'l!able .2 quite clearly demon-
strate the importance of ground cover in reducing rates of 
erosion. For example plot 14 (a dense cover of snow tussock 
and DracoEhyllum scrub) yielded 0.03 lbs of soil whereas plot 
15 (bare ground) yielded 2.69 lbs. This also applies to the 
sub areas. Those with most cover, (III and IV) and greatest 
stability, (V) yielded less soil than the areas of bare 
ground (I and II) • HoweVer many authors have shown that 
plant cover reduces erosion. The object or this study was 
not a qualitative demonstration,. but a quantitative assess-
rnent. The question to be answered was not does plant cover 
influence erosion, but ra.ther, by how muchl In this respect 
the study has been unsatisfactory. 
It was explained earlier that in this proj.ect the plots 
were being used to sample the erosion behaviour of the commun-
ities which made up the study catchment. From the behaviour 
of the sample, the behaviour of each sub area would be 
inferred, and total soil loss for the catchment would be 
predicted. If it can be assumed for the moment that the 
results can be extrapolated beyond each plot, estimates can 
be n~de for the soil loss for each sub area and for the 
catchment (Table 7). 
TABLE 7 
Estimates of soil loss from the catchment and its 
sub areas assuming that the soil loss resqlts can 
be extrapolated beyond each plot 
area 
Uaverage" range (tons) 
Sub area (acres) loss 95% confidence (tons) interval 
I 22 30 20 ... 45 
II 50 0 ... 160 
III ::3 0 0 - ~ 
IV 11 3 o - 9 
V 8 1 o - 2 
Total 84, 20 - 217 
Even under the very doubtful assumption that the data 
-Ilu 
can be extrapolated,Table 7 shows that,(range within which 
the average loss will be found extremely wi.de. In con-
sequence it has little real meaning. To reduce the range 
of the mean from each sub area, therefore the catchment, 
a very much larger nunilier of plots would be needed. 
An indication of sample s 
formula 
can be obtained from the 
where n ;:: number of replicates (+ 50 percent) 
t := stUdents' t. for the requ confidence 
interval 
e =: required precision 
s := variance 
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Using this formula, it was estimated that to measure 
erosion to ± 0.22 1b per plot (about 0.1 tons per acre) a 
total of about 3,300 plots would be needed. Of these, 35 
would be required in sub area I, 3,200 in sub area II, 1 in 
sub al:ea III, 45 in sub area IV and 2 in sub area V. 
It n~y be argued that the precision and confidence 
interval of this estimate are too high. Figs 11 (a and b) 
show the number of plots needed to estimate soil loss within 
a range of precision levels and confidence intervals. 
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However if the results of a study such as this are to 
be extrapolated to larger areas, high levels of precision 
and certainty are necessary. For example in the Waimakariri 
catchment there are approximately 100,000 acres of land 
Hsimilar ll to sub areas I and II. (Hayward, 1967a.) An 
error estimate of only 0.22 lb per plot could amount to an 
error estimate of about ± 10,000 tons from the catchment. 
Although less precise results could be obtained from fewer 
plots, Fig. 11 shows that many more plots would be required 
than were used in this study. 
When the results of a study are inconclusive, there is 
always the temptation to use the results to show something 
else. For example it would be possible to regroup the data 
and present results from well covered plots (e.g. 1, 2, 3, 
4, 13, 14) as distinct from bare ground plots (e.g. plots 9, 
10, 15, 16, 17, 18, 19, 20). Such a reworking of the data 
would probably reduce the range for the mean loss. This 
would enable a better comparison to be made of erosion 
losses from good plant cover and from bare ground. However 
the object of this study was to determine soil loss from 
30.0.0.-
20.0.0.-
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Fig. lla 
NUIllber of plots required in each sub 
area to determine mean soil loss,to 
·within specified precision levels' at 
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95%, 90%, 80,:% and 50% confidence interv,qls 
These estimates tend to be unreliable at 
'plot numbers. of less than about 10 
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several communities (or sub areas) and from this, to predict 
total soil loss from, the catchment. The study has failed 
to do this, and no a:rnount of reworking of the data can alter 
this result. 
This study has shown a fundamental weakness in the 
suitability of the runoff plot laethod for IIObservational" 
studies in this type of environment. Clearly, useful 
results are only possible if large numbers of plots are 
installed, or if more homogeneous sub areas are defined. 
In addition, the author believes that these results 
cast an element of doubt on the concepts of homogeneity 
and representativeness in hydrological research. 
For exan~le unit Source Watersheds have been described 
as physically homogeneous areas '\'lhich are subject to rel-
atively uniform precipitation. 
Osborne and Gardiner, 1966.) 
(Amerman, 1965i Kincaid, 
Although the term has usually 
been restricted to natural drainage areas, Amerman and 
MCGuiness (1966) suggested that it could include runoff 
and erosion plots, as the hydrological cycle operated within 
their boundaries in much the same way as it did in larger 
areas or catchments_ 
If a complex watershed can he considered as the sum-
mation of a number of unit source \'1atersheds then its runoff 
can he considered as the summation of the runoff from its 
component unit areas.. (Bernard, 1936.) Amerman (1965) 
suggested that at least there should be a constant relation-
ship between runoff from a complex watershed and runoff from 
its component unit source areas. 'rherefore if runoff can 
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be predicted from a variety of unit source areas it should 
be possible to predict runoff (and presumably erosion) from 
either complex ungauged catc:tunents, or for proposed changes 
in land use.. (Ame rman and 1-1c Gu ines s , 1966.) 
The validity of this concept is open to question on 
several grounds. For the moment the authorls concern 
that apart from any other considerations, this concept will 
only be valid when the unit source area ~ representative of 
another area. In this study the author cannot define with 
any real confidence anyone plot (or unit source area) whose 
behaviour was .. representative" of the cOllununity it was 
supposed to represent. 
This difficulty in defining a representative site is 
the author·s main reason for doubting the value of the 
results from earlier "Observational" plot studies (see for 
example Costin €It all 1960; Gilmore, 1965; Soons, 1966) .. 
In these studies plot sites were subjectively chosen on 
the assumption that they represented a much wider area. 
This study has shown that, in this catchrnent at least, 
"homogeneous" areas can have highly variable rates of 
erosion. Therefore those studies which have established 
small numbers of plots at subjectively chosen sites can 
not be expected to give useful results. 
6.1.2 Influence of Season on Soil Loss 
It was plannned to clear the collection troughs of 
eroded soil at regular intervals so as to determi.ne the 
inflUence of season on soil loss. However, the almost 
continual snow cover from late autUfnn until late spring 
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made this illlpossible. Nevertheless from observations made 
during the study period, it the author's opinion that 
most erosion takes place in late autumn a,nd again in early 
spring. This is a.lso the pet'iod when frost lift is most 
active. It is probable that ice needle development and 
subsequent decay is the most impor'tant factor influencing 
erosion in this catchment. The following example supports 
this view. A paint line, two inches wide, was laid across 
most plots to identify particular stones. Plate 12 shows 
that where the line covered bare ground, the film of paint 
gave the soil surface 9'ood protection against sheet erosion. 
However this protection was lost by one freeze/thaw cycle 
which caused widespread ciisplacement of the surface material. 
6.2 BIAS 
6.2.1. Influance_ of Plot sides 
The results shown in Table 4 failed to establish sig-
nificant differences between the movement of surface stones 
inside and outside each plot. However it cannot be con-
eluded that the plot has no influence 011 the rate of erosion. 
1. The use of ~inch gravel to indicate surface move-
ment is a crude technique. Under most conditions overland 
flow would not be expected to move material of this size. 
Hm'fever as this was the minimum size of particle which could 
be relocated with confidencel:.hese stones were used in the 
hope that they would indicate the 'existence of this bias. 
A negative result could not be interpreted as evidence that 
bias did not exist. 
2. On some sites it appeared that the stability of the 
surface gravel depended on a mutual support phenomena. At 
a particular site, the downhill movement of the gravel was 
impeded by the stones inunediately below. However when the 
stones on the lower slopes were removed (for example in the 
collection trough) the stones above were able to move at 
increased rates. This is thought to be the reason for the 
increased movement noted inside some plots with respect to 
their adjacent areas (for example plots 9, 18,and 17). 
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3. On SaIne sites (for example plots 10, 12) there was 
m.uch greater movement outside the plot than there 'VIas inside. 
In these cases, the plot had been established across a 
depression or minor debris channel. Here, the plot sides 
interrupted the natural movement of surface material and 
gave considerable protection to the enclosed soil surface. 
These results could not give a quantitative assessment 
of this bias, but they do suggest that the establishment of 
a plot will alter the rate of erosion at a si-te. yvhile 
thir:> influence may not be grea.t on most sites, the movement 
at plot 10 suggests that at some sites the results may be 
significantly bi<:l.sed. 
6.2.2 The Direct Ca:e.~Jlre of w.~oJJ:n Sediment 
The quantities of soil collected from the "contrall! 
troughs indicate that~ quite large atones can be blown across 
the ground surface. 
Although it is not possible to make a quantitative 
assessment of this bias it is suggested that because of it, 
Plate 12 
The paint line on plot 12 has protected 
the soil against sheet erosion. The 
pencil points to a s mall scarp which has 
formed on the downslope edge of the paint 
line. 
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little reliance can be placed on the soil loss yields from 
any plot. It is a matter of speculation as to what the 
yields may have been had the control gutters been established 
at ground level. Nevertheless the author believes that the 
control trough yields cast serious doubts on the origin of a 
large proportion of the eroded soil. E'or example it is 
suggested that most of the soil collected from plots in Bub 
area III must have been windborne, and did not come from the 
well covered plot surfaces. The author has observed the 
collection of windblown soil in this sub area. Plate 13 
shows the accumUlation of soil particles and organic material 
on a snow pack adjacent to plot 3. 
The importance of wind as a means of transporting soil 
and gravel particles was dramatically demonstrated on several 
occasions. In April 1967 two recently installed plots were 
blown .Q£!:. of the ground and the material for a third was 
blown out of the catchment. In February 1968 the average 
wind speed during a five hour visit was about 60 miles per 
hour. (Wind speed in Christchurch during the same period 
was about six miles per hour.) Winds of this order have 
been seen to move quite large particles. 
Although most of the windblown material was soil and 
fine gravel, Table 5 shows that the "control" troughs at 
plots 16 and 17 collected stones of up to % inch minimum 
diameter. It shoUld be noted that the openin9 to each 
trough was only about one inch and therefore there was a 
limited opportunity for larger stones to be caught. 
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Plate 13 
Accumulation of windblown soil on a 
snowpack adjacent to plot 3 October 
1968 
(Debris has been cleared frolll the snow 
on the left hand side of the photo9raph) 
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6.2.3 Changes in Plot Slope 
The results presented in Fig. 10 are thought to show 
the first stages of real changes in slope. It is possible 
that the daturn pegs were lifted slightly by frost heaving 
but the measured results support both the expected and 
observed behaviour of a lessening of slope with time. 
6.2.4 Other Sources of Error 
The soil loss yields probably contain errors due to 
frost heaving of the collection troughs~ In the spring of 
1968 needle ice lifted the collection trouyhs and left them 
up to one inch above the gX;ound surface. Soil and gravel 
were observed to accumulate along the edge of the trough 
but were unable to gain entry. The plots in sub areas I 
and II were the most severely affected by frost lift and 
it is probable that some of the variability in soil loss 
from these areas is due to this soux:ce of error. 
Damage by frost heaving was first noticed during the 
calibration period. In the repair of this damage, the 
collection troughs were bolted to the plot sides and 
coarser gravels were placed under each trough in the hope 
that this would be an unsuitable medium for the growth of 
ice needles~ In addition the plot sides were held down 
to the soil surface by defonlled steel pins. In most cases 
these were driven down to bedrock. 
apparently unsuccessful. 
l.'hese measures were 
When strong winds swept over the study area, air was 
forced down the conveyance hose. Soil in the hose was 
literally blown out and sprayed around the inside of the 
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storage drum instead of being caught in the sediment trap. 
This was probably a small source of error. 
The sediment traps were quite efficient, even when full 
of water. However in the low ternperatures of winter and 
spring the we.ter froze, and the traps, if full, became non-
functional. Sediment produced by a thaW' could not get into 
the trap, but overflowed into the storage drum. The amount 
of soil lost, in this way is not known. 
6.3 RUNOFF 
6.3.1 Runoff Resul~s 
Runoff collection. and recording were abandoned beca,use 
the data were found to contain large errors and substantial 
bias. 
6.3.2 Di~ect Caeture of Rainfal! 
The results in Table 6 showed that rainfall caught 
directly in the collection trough could on occasions for:m 
a highly significant part of urunoff". Moreover this 
addition to runoff was found to be highly variable and 
lacking any predictable pattern. 
The most important factors influencing the amount of 
rainfall caught directly in the collection troughs appeared 
to be: 
1. Storm direction 
2. Wind velocity 
3. Amount of protection given to the trough by 
over-hangin,:f vegetation 
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6.3.3 Leali::ages 
Leakages into and out of each plot were another major 
source of error. From the use of water soluble dyes on 
three plots it can be assumed that on stony and porous sites, 
(e.g" sub areas I, II and V) the plots could not be adequately 
sealed. Leakages into the plot were detected but leakages 
out of each plot were probably :more significant. The bitum-
inousseal between soil surface and trough was broken in the 
Winter/spring either by frost heaving, or by the weight of 
accumulated snow forcing the collection trough down hill. 
Although overland flow was not observed at any time durin9 
the study I it can be sa.fely assumed that the equipment used 
in this study would incapable of measuring this phenomena 
if it occurred. 
6.3.4 Qther Errors 
The accumulation of snmV' in the lee of plot sides was 
not a constant.nor predictable event. It appeared to 
depend on the plot location, the surrounding vegetation, 
storm direction, 'wind Velocity and type of precipitation. 
Although this effect was observed only when it snowed it 
is assumed to apply to other for~ms of precipitation. As 
a source of error this is probably only of importance in 
small plots such as those used in this study. 
Snow falls confused any at.tempts to at·tribute n runoff" 
to particular storm events. For about five months of this 
study most plots had at least a partial snow cover. Delays 
in the thaw of each snowfall and fresh additions made it 
impossible to identify Jtrunoff" from particular storms. 
Difficulties were so experienced in measuring ip-
itation with the four inch diameter <:Jauges. It is possible 
that these gauges may have given reliable information about 
rainfall, but they were inadequate in estimating snowfall. 
Their main il ing was that early in a starIn, snow bridged 
across the orifice, and occasionally formed a frozen cap. 
77 
78 
CHAPTER 7 
CONCLUSIONS 
7.1 ·SOIL LOSS 
This study has shown the importance of plant cover on 
minimising soil loss, but it has not given clear evidence of 
the amounts of soil lost from the sub ar.eas of the catchment ... 
The main reason for this ilure is thought to the 
heterogeneous nature of the so. called Uhomogeneous" areas. 
In order to adequately account for the variability in 
behaviour of these areas very large numbers of plots would 
be needed.. For example it has been estimated that 
150 plots would be needed to measure soil loss from sub area 
II (bare ground) to about ± half a ton/acre, with 95 percent 
confidence. 
However even if large nwnbers of plots were used, the 
estimates of loss would incorporate considerable bias. 
The investigations of sou.t'(.::es bias in this study were unable 
to give a quantitative assessment of each source but quite 
clearly demonstrated that.: the measured yields would need 
considerable adjustment before they could icate "true" loss .. 
The quantity matel:ial cau(]ht in troughs two inches 
above the ground real doubt on th.e oris,.i!"! of a large 
part of the material collected from each plot. The author 
believes that if for no ot:.her reason, this source of bias 
makes runoff pIo"ts an unsuitable me "thad of estimating eroSion 
losses in the South Island high country. 
From the comparisong of surface stone movements inside 
and outside some plots, the author concludes that by enclos-
ing an area within a plot, the rate of erosion at that site 
will be effected. 'rhe si9nificance and direction of this 
bias will depend on location. type of surface material, and 
erosive force (rain, frost). 
Fig. 10 indicated that where the colleotion trough was 
fixed, and could not be lowered to match the lowering of 
the ground surface, the plot slope would probably become 
less steep with time. Plate 10 showed that at some sites 
79 
there could be a distinct change in the size of the eroding 
material. These observations lead the author to the general 
conclusion that in this area at least valid comparisons of 
the same plot in different seasons cannot be made.. This 
means that replication in time, cannot be used as a sub-
stitute for the large number of replicates needed in each 
treatment .. (This consideration is quite apart from the 
fact that replication in time does not overcome the problem 
of inadequate sampling.) 
The darnage caused by frost heaving, and weight of snow 
leads the author to conclude that even if all the other 
problems could be overcorne, the plot method not suited 
to the harsh environment of mosi: of the South Island high 
Coulltry. 
Had the soil loss results been found to be significant, 
or nearly so .. very much 1110re attention would have had to be 
paid to the sources of bias.. As it was, the method was 
found to provide inadequate data.. The question of the 
extent to which the data were biased i,5 therefore unimport-
ant to these results. 
Even if large nUmbers of plots were used, and these 
could be protected from drunage by frost or snow, and their 
data were either free of bias, or bias could be accounted 
for, the plot method would only give information about soil 
movement on the catchment, and not soil loss from it. 
-
These points lead the author to the general conclusion 
that the plot method is totally unsuited for determining 
soil loss in this catchment, and is unlikely to be useful 
in any area of south Island hill or high country. 
7.2 RUNOFF 
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The plots were even less successful in providing inform-
ation about runoff than they were in providing information 
about soil loss. The very real problems of obtaining 
reliable data showed that the plot method, as used here, 
is an extremely crude technique. 
It is possible that some sources of bias would be less 
significant on larger plots. (For example the importance 
of the direct capture of rainfall could be expec to 
decrease with increasing plot size~) Nevertheless sources 
of bias and error \'I7ill always exist and must be accounted 
for. It is concluded that in the South Island hill and 
high country, fractional acre plots have no value for run-
off determinations. 
7~3 FORMER STUDIES 
Because of the results of this study. the author has a 
nunmer of doubts about the validity of the results many 
of the studies of the last fifty years. 'fuile the general 
conclusions of most of these studies are probably corr(:~ct, 
the quantitative estimates of soil loss may not be. For 
example Costin et al (1960) presented soil losses (lb/50 
sq. £t.) for natural forest, regrowth forest and depleted 
forest. They showed that the losses from natural forest 
were significantly different to those from regrowth or 
depleted areas. However the plot sites were apparently 
selected as being typical of each cornmunity. is the 
author's belief that an objective method of site selection 
would have produced different quantit.ies of eroded soil 
which mayor may not have altered ·the conclusions. 
7.4 
0(, 
THE CONCEPT OF HOf.10GENEI'1IY IN CURRENT HYDROLfC RESEARCH 
This st.udy has shown the difficulties of selecting a 
site which is representative of a wider area. It has shown 
that where.as an area may be uniform with respect to soil, 
vegetation, slope, climate etc. this does not ensure uni-
formity with respect to its soil and water losses. Because 
of this the author believes that the Unit Source Watershed 
concept is unlikely to have any value in the South Island 
hill and high country. It will only useful in other 
areas when it can be shown that the unit source areas do In 
fact represent the areas they are supposed to represent, 
both physiognomically ~ hydrologically. 
If small so called homogeneous areas show considerable 
variability in behaviour. it is fair to assume that larger 
areas will also show considerable variations in behaviour. 
The usefulness of the Representative Basin (see for example 
Toebes, 1966) is therefore open to question. 
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CHAPTER 8 
SOME THOUGHTS FOR THE FUTURE 
Fractiomd acre plots as used in this study have been 
shown to be a totally unsuitable tecbnique for measuring 
soil loss in the South Island high country. The problem 
now, is to find alternative proceedures. 
A possible solution is to persevere with plot studies, 
and eitha:r: use very large numbers of plots or seek greater 
uniformity in tile areas under study. 
It is doubtful if either of these propositions are 
feasible. Tl<lO the principal advantages claimed for 
plots are their cheapness and ease of installation and 
maintenance. Installing and maintaining more than 1,000 
plots would be neither cheap nor easy. In any case it 
is the author's opinion that the plot method has the major 
flaw of attempting to measure the effects of a treatment 
without any understanding of the basic mechanisms of the 
erosion processes. Rather than at.tempting to seek greater 
uniformity, and .measure effects, future studies should seek 
to understand the basic mechanisms of erosion. Once these 
are understood it should be possible to predict the erosion 
behaviour of a catchment on the basis of measurable propert~ 
rather than assumptions of sim.ilarity. In the long run .. 
we will need to know the mechanisms of erosion before we can 
modify these to our advantage. 
82 
In this respect the mechanics of frost he .. 3.ving. wind 
erosion and sheet erosion are worthy of detailed st,udy as 
these are thought to be the most important erosion processes 
in the alpine areas of the South Island. 
However, detailed understanding of erosion processes 
will not in itself provide a definition of the erosion 
problem in alpine areas. Other approaches will be needed 
to do this. 
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The author advances the hypothesis .that erosion of 
alpine land is not a problem related t:o pastoral productivity, 
but rather that it creates problems of water quality, channel 
aggradation and therefore flood control. One method of 
testing this hypothesis would be to examine the sources of 
sediments carried by streams. Suspended sediment and bed-
load should be considered in relation to the condition of 
the catchment ~ its stream channel. Particular at'cention 
should be paid to erosion within the channel. 
Future studies should therefore proceed along two main 
lines. On one hand studies of the sources of sediment in 
rivers and streams should provide a clearer definition of 
the problems associated with erosion of high altitUde land. 
On the other hand studies of the mechanisms of the erosion 
processes should ultimately allow us to make predictions of 
the erosion behaviour of a catchment, and predict its 
behaviour under a variety of cultural influences. 
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CHAPTER 9 
SUMMARY 
1. Although New Zealand has had statuatory authority 
for erosion control since 1942, there is still no quantitative 
information about soil stability on steep slopes or of the 
influence of plant cover i.n reducing rates of erosion. 
2. This study was set up to investigate the erosion 
losses from the various communi.ties which make up a c::atch-
ment, and from this to predict the losses from the catchment. 
3. The fractional acre runoff plot method was chosen 
because it had been used for 50 years in the United States 
with apparent success, it was cheap, and it promised to give 
results quickly. 
4. A review of former studies showed a number of weak-
nesses in their experimental designs. The most important 
were that little attention had been paid to the problems of 
uncertainty and bias. Only a few studies had replicated 
and randomised their treatments. None had considered the 
possibility that their results may have been biased. 
5. In this studyl' four plots were used to sample the 
erosion behaviour of each of the five communities (or sub 
areas) which made up a 70 acre alpine catchment. It was 
hoped that the erosion behaviour of each community could be 
inferred front the behaviour of each sample, and that from 
this, total soil loss could be predicted for ·the catchment. 
6. Three potential sou.t'ces (Jf bias of erosion data 
were investigated and three sources were similarly defined 
and investigated for the runoff :t·esults. 
as 
7. The soil loss results from a 12 month period showed 
great variability between com.munities and within cOIu.munities .. 
They quite clearly showed that whereas the sub areas may have 
been physiognomically homogeneous they were highly hetero-
geneous with respect to 'their erosion losses. With only 
four plots in each sub area the estimates of mean loss were 
associated with error es·timates of + 34% (sub area I). 
± 225% (sub area II), 100% (sub area III), ± 230% (sub 
area IV), and -{- aO% (sllb area V). (At the 95% confidence 
interval. ) Whereas the study shm,yed the importance of 
ground cover in minimising erosion. it failed to show that 
the absolute values of erosion were significantly different 
between areas. Statistical analysis indicated that the 
variability within areas was greater than the variabili.ty 
between areas. 
8. b-1ore conclusive results could only r}e obtained frorn 
a very much larger sample. For example it was estimated 
that to measure .loss to within 0.22 Ib per plot (about 
0.1 tons per acre) a total of about 3,300 plots would be 
needed. 
9. However the investigations of bias indicated that 
even if such large nurr~ers of plots were used the data would 
be of limited usefulness. For example it was concluded that 
the establishment of a plot influenced the erosion rate at 
that site. It was not possible to predict the direction or 
extent of this bias. It was also found that considerable 
quantities of soil and gravel could be blown into the col-
lection trough, either from the plot or from the surrounding 
land. Thus the origin of an unknown proportion of the col-
lected material is uncertain. Even within the short period 
of this study Observations suggested that the size of the 
surface particles had changed and that the slope of some 
plots was lessening. It will probably not be valid to com-
pare the behaviour of these plots between several seasons. 
10. The collection of runoff was abandoned when these 
results were found to include SUbstantial bias, and large 
errors. Despite shielding of the collection trough, rain-
fall was caught and added to the runoff. On a nwnber of 
occasions collection troughs not connected to a plot, gave 
a greater yield of urunoff" than did the adjacent plot. 
This source of error was neither constant nor predictable. 
The runoff results were still further confused by leakages 
into, and out of, each plot. 
11. The author has concluded that the runoff plot 
method is a totally unsuitable one for erosion research in 
the South Island hill and high country. He has suggested 
'that future studies should attempt to understand the mech-
anisms of the erosion processes rather than measure their 
effects. In this way it would ul'timately be possible to 
predict erosion on the basis of measurable properties, 
rather than on assumptions of similarity. 
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l\PPENDIX A 
Soil Profiles 
The terminology for the descx::iptions of the Kaikoura 
and Tekoa soils is based on the Soil Survey Manual, (United 
states Department of Agriculture, 1951). The description 
of the Alpine profile is taken from Holloy (1964). 
The method for the mechanical analysis of the soil 
fraction has been described by BOUYoucos (1964). 
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Soil Type: Kaikoura stony sandy loam (strong'ly eroded phase) 
Soil set: Kaikoura steepland soil 
Location: 100 yards west of plo't 18 
Map Sheet: N.Z.M,.S. 1 574 Grid Reference: 860,217 
Terrain class': Strongly-steeply sloping Slope: 25 0 
Landform: 
Aspect: 
Drainage; 
Upper mid-slope of strongly eroding steep ridge 
side - with discontinuous patches of scree. 
East Elevation: 3,400' 
Site: Well drained - shedding site 
Internal: Moderately well drained 
Vegetation: .... Present: Scattered Chionochloa and Dracophyllum -
no vegetation over site 
Past: Tall tussock cormnuni ty - previously 
sub alpine Beech 
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Parent Material: Colluvial graywacke debris forming ac'l:.ive 
scree 
Profile: 
Yellowish brown (lOYR5/4) very stony sandy loam. 
loose (peds friable to very friable) weak fine 
crurnb, few roots, very porous, very stony 
angular moderately weathered gr~ywacke gravels 
to large stones. distinct boundary to -
Y~llow (lOYR6.5/6) very stony silt loam, loose 
(peds very frlable), weak fine crumb and some 
tendency for very weak nutty aggregation, 
common roots both fine fibrous and decaying 
medium woody roo'I:.s, very porous, very stony 
angular moderately weathered gravels to large 
stones of greywacke, boundary distinct and 
merging to -
Pale yellow (2.5Y6.5/4) very stony sandy silt 
loam, loose to very fd.able, very ,,"eak fine 
crumb and single in q common fine fibrous 
roots, very porous, very stony angular moder-
ately weathered graywacke gravels t:o large 
stones, merging through a lower zone of large 
(non oriented) stanes and comrnon roots to -
Pale yellow (2.5Y6.S/4) extremely stony sandy 
loam, friable (peds loose) very weak fine 
crumb and single grain, few fine roots, extremely 
stony angular m.oderate to weakly weathered 
gravels to large stones of greywa.cke, merging 
to -
Light yellowish brown (2.5Y6/4) extremely stony 
sandy loam" loose, very \\ieak fine (,".!rwnb and 
single (]rain, ra.re roots, extremely stony 
angular weakly to moderately weathered gravel~ 
to boulders of greywacke. 
There is only a very \yeak slow reac,tion to the lophane 
field test in the upper and lower horizons, the other horizons 
give a moderate to weak positive reaction to this 
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Soil Type; Tekoa sandy h)am 
Soil Set: Tekoa 
Locatlon: 100 yards north east of plot 2 
Map Sheet: N.z.M.S. 1 s74 Grid Reference: 860,214 
Terrain class: Steeply sloping Slope: 320 
Landform: 
Aspect: 
Drainage; -
Footslope of steeply sloping well covered 
hillside 
Elevation: 3,300' 
Site: Well drained - shedding site 
Internal: Moderately well drained 
Vegetation: - Present: Dense cover of DracoEhyllum, Chion-
.ochloa rigid?" Celmisi~ ssp., Festuca, 
Novae-zelandiae, Gaultheria, and 
----Helecrysu.m 
Past: Sub-alpine Beach forest 
Parent Material: Thin deposit of colluv gravels and 
Profile: 
0-1" 
(A ) I-51> 2 
ABh 5~8*' 
large stones over greywacke# with thin 
graywacke gravel and sand overlying. 
Very thin almost discontinuous li.tt~r of plant 
fragments 
Dark brown (7.5YR3/2) peaty sandy loam, loose, 
principally of decomposing fragments of snm~ 
grass and Q,racophyllum. 
Dark brown (lOYR3/3) sandy loam, loose to very 
friable, Inode:t'ate fine crumb, many fine roots .. 
very porous, few small soft pieces of charcoal, 
indistinct boundary to -
Dark brown (7.SY'R3/2) sandy:~ loam, loose 
to very friable moderate fine crumb and some 
very weak nutty (fine) aggregation, many fine 
c 
A 17-20" u 1 
" 20-25 II Un. 2 
uAB 25-30" 
uS 30-3511 2 
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roots, very porous, incorporating thin lenses 
of peaty material along upper boundary in some 
places, distinct boundary to -
Dark ,brown (lOYR4/3) silt loam, very friable 
to friable, (peds very friable), moderate fine 
crumb and weak fine nutty, common fine roots, 
very porous, few scattered soft pieces of 
charcoal, few subangular moderately weathered 
. graywacke stones, boundary indistinct and 
merging to -
Bro~m (lOYR4/3) sandy loam, very friable, weak 
fine crumb and very weak fine nutty, common 
'fine roots, very porous, few scattered soft 
pieces of charcoal, common subangular moder-
ately weathered greywacke stones, distinct 
clear boundary to -
Very dark greyish brown (10YR3/2) humic silt 
loam, very friable, weak fine crumb and some 
very weak fine nutty aggregation, common.fine 
roots, very porous, common soft small pieces 
of charcoal; distinct and irregular boundary to -
Yellowish brrn.'I1n (lOYR5/4) silt loam, friable, 
(peds very friable to friable) weak to moderate 
fine nutty and weak fine crumb, few roots, 
common fine pores, few medium roots in various 
stages of decomposition, rare subangular moder-
ately weathered graywacke stones q indistinct 
boundary to -
Yellowish brown (lOYR5/6) silt loam, friable 
(peds very friable to friable), weak to moder-
ate fine nutty and weak fine crumb, few fine 
roots, common fine pores, rare subangular 
moderately weathered stones, distinct irreg-
ular boundary to -
Strong brown (7.5YRS/6) silt loam - slightly 
gritty, friable (peds friable to very friable) 
weak fine nutty and fine crumb, rare fine roots, 
comnlon fine pores, few angular weakly-moderately 
., 
uC 38 11 + 
Soil Type: 
Location: 
Altitude: 
Slope; 
Aspect: 
Profile: 
12" 
uc 
weathered greywacke stones, irregular merging 
boundary to -
Yellowish brown (lOYRS/6) sandy silt loam, 
friable weak medium and fine nutty and fine 
crumb, rare fine roots, cornmon fine pores, 
few Z'lngular weakly-moderately weathered grey-
wacke stones, irregular and distinct boundary 
to -
Light olive brown (2.5YS/4) very stony sandy 
loam, slightly compact (peds very friable), 
weak fine cru~b, very stony angular weakly 
weathered greywacke gravels and stones. 
Alpine 
About 400 ft below the summit of Foggy Peak 
5,300 it a .. s .. l. 
!~.E . 
Fresh greyish angular '3'reywacke fragments 
mixed with weathered and unweathered chips, 
sands and silts; loosei structureless1 
boundary distinct. 
Yellowish brown (lOYRS/4) sandy loam, very 
friable; '\veakly developed fine nutty struct-
ure breaking down to crumb; few partly 
decomposed fine roots; boundary distinct. 
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On coarse angular debris, greYVlacke fragments, 
sands and silts: st.ructureless. 
lIS.oil" composition Mechanical analysis 
(%by weight) of soi~ fraction (%) 
m . c: .S ~ § m$=! -.-I C')\~ I:; a G.l g t-I m ('0.: ;,. ,g~ t-I C'~ (I)"",. IDS:: 0 
:> ~I!j -1-10 >ttJN 
t-I n:1 i O..d ~ . d 0 
.r; H ..j..I.IJ • .-1 t-II1l0 
0 o~ til 00 um • 
Horizon {J} Q.l WO N k 0 0 t-I 
0 . • 
Kaikoura soil A 
· 
0-2 39 6 66 16 
" 
100 yards west 
· 
3-6 in 45 66 20 
· 
plot 
· 
in 18 41 41 66 16 18 
· 
Tekoa soil A2 .. 1-5 96 4 6 
· 
100 N 
· 
in 97 3 SO 14 6 
· 
plot 2 B3 · 8-10 in 86 68 12 .. 
C : 10-17 in 69 25 6 16 
UAI : 17-20 90 62 14 
· 
20-25 in 73 19 8 54 28 18 
· 
UB2 : 30-35 in 65 15 20 62 12 
UC 38 + 39 84 4 
APPENDIX B 
Meteorological Data Noverr~er 1957 - December 1958 
ada.pted from M.olloy (1959) 
Climate Station ItA" 
Altitude~ 
Aspect: 
Slop(~ : 
Climate station lieu 
Altitude: 
Aspect: 
Slope: 
3,500 ft 
S.We 
28° 
Approx. 300 yards south of plot 20. 
4,500 ft 
s.w. 
30° 
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Approx. 150 yards south west of plot 7. 
1951 1958 
Dec Jan Feb Mar April June July Aug Sept Oct Nov Total 
Precipitation, inches. 
itA." 8.3 6.3 1.6 5.1 2 .. 4- 6 .. 3 0 .. 8 0.4 5.1 I? 6 _ 3 .. 9 2.0 .. 4 
u 11~4 6 ':! 1 .. 2 7.1 2.4- 4.8 0 .. 3 0.3 2.0 1..2 3.4 1.5 41.9 .... 
Approximate potential evapotranspiration, inches .. 
2.2 3.1 365 2.7 1 .. 6 0.7 0.,3 
-
0.5 0.9 2.1 3.1 .7 
"e" 2.5 3.0 3.3 2.5 1.2 0 .. 5 - - - - 1.5 2 ~' .;:;:) 17.3 
Maximum monthly temperature °c 
"Ali 26 27 25 19 12 10 11 16 20 29 
20 26 27 17 8 7 7 12 18 25 
Min monthly temperature °c 
HAil 1 0 5 0 -2 -7 -6 -10 -8 -8 -4 -5 
"e" -3 -3 4 -2 -5 -9 -9 -10 -11 -10 -7 -6 
Mean monthly temperature °c (approx. ) 
lOA" 9.7 11.5 16.0 12.0 8.5 3.6 3.0 0.0 2.7 4.2 8.2 .2 
8 .. 5 10.5 14.5 .5 5.1 2 .. 2 -0.5 -1.0 -1.5 0 .. 1 5.1 10 .. 2 
APPENDIX C 
Ground Cover on all Plots 
Ground cover determinations were made in November 1968. 
The description of each plot is based on the point method of 
sampling; described by Levy and Madden (1933). 
held five verticZl.l needles at six inch centres. 
A frame 
Each 
needle was pushed down to the ground, and the ground cover 
at the needle point was n~corded.. 
Strikes on canopy cover were disregarded. One hundred 
points were recorded on each plot and while this sample may 
indicate the essential fea'tures of each plot it is not large 
enough to allow detailed comparisons between plots. 
On plots 3, 4, 13 and 14 the canopy of vegetation made 
it impossible to llse the point frame. On these sites the 
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plots were subdivided into eight quadrats and a visual 
estimate of percentage ground cover was made in each quadrat. 
Legend: B . Bare ground (or surface material & 
less than ~" diameter) 
S stones e·' II ~.:J - 4") 
R Rock (greater than 4") 
DM, Dead plant. material in situ 
L Litter 
J,\c. au. Aciph;illa aurea 
An. odD Anthoxan'l::hum odoratum 
Bl. pea : Blechn~ Eenna-marin,! 
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Ceo vi. Celmcsia vizcosa 
Ch~ ri~ 
· 
Chionochloa rigida .. 
Co. sp~ .. CO}2rosma .. 
Cy~ .. : Cyothodes fraseri 
Dr. ac. 
· 
DracoEhyllum acerosum .. 
Eu.;. reo 
· 
EUEhrasia revoluta 
Fe~ no. 
Ga. ru. .QfLul theria rUEestris 
Lu. ca. .. 
· 
M : Matt plan'/:, 
Pi. tr. 
Po. co .. 
· 
Poa co1en80i .. 
lao : 
Plot 1 flat 2 
Ch. rio 19 Ch. rio 21 
Ga. J:'U. '7 Ac. av. ..., ..t. 
pi. tr. 1 Po. co. 4 
Dr .. ac. 5 .. pel> 3 
Ceo vi .. 2 Ga. ru. 4 
.. no .. 2 An .. ad. 2 
Se .. la .. 2 Ceo vi. 2 
Ac .. avo 4 Cy .. fr .. 2 
,Po .. co. 2 .lYI 1 
L 15 Pi. tr .. I 
DM 40 Co. sp .. 5 
B 1 .oM 46 
100 L 7 
100 
100% plant and litter cover 
100% plant and litter cover 
Plot 5 
Plot 7 
Plot 9 
B 
S 
R 
B 
S 
R 
B 
S 
R 
Lu.ca. 
Plot 11 
Ga. 
Dr .. 
.. 
An. 
1 
57 
42 
100 
63 
37 
100 
55 
39 
5 
1 
100 
B 
S 
R 
rUe 
ac. 
vi.. 
ode 
Plot 6 
Plot B 
Plot 10 
Plot 12 
55 
27 
3 
3 
2 
1 
B 
S 
R 
B 
S 
R 
B 
S 
R 
Dr .. 
Eu. 
Ceo 
Se .. 
B 
S 
73 
27 
100 
58 
42 
100 
45 
48 
7 
100 
R 
ac. 
reo 
vi ... 
lao 
DM 7 DM 
L 2 L 
100 
Plot 13 100% plant and lit-ter cover 
Plot 14 100% plant and litter cover 
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62 
17 
1 
6 
2 
3 
1 
3 
5 
100 
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Plot 15 Plot 16 
B 32 B 34 
S 64 S 66 
R 4 
100 
100 
Plot 17 ,;Plot; ,18 
B 18 B 61 
S 82 S 38 
- R 1 
100 
100 
Plot 19 .[lot ~ 
B 74 B 29 
S 17 S 66 
R 9 R 5 
100 100 
APPENDIX D 
Analysis Variance Calculations 
A. Analysis of Yields Shown in Table 2 
Sub Yields from four plots 
area 
I 2.34 3.90 3.05 2.86 
1.00 2.69 13.70 0.55 
III 0.08 0.04 0.01 0 .. 03 
IV 0 .. 39 1 .. 59 0 .. 04 0.03 
V 0.42 0.25 0 .. 31 0 .. 08 
correction factor (C.F.) = (~x)2 
n 
== 
(33 .. 36)2 
20 
109 
12.15 
17. 
0.16 
2.05 
1 .. 06 
33.36 
Total sum of squares == (2.34)2 + (3.90)2 + ••• (0.08)2 - C.F. 
Sub area sum squares 
= 237.42 - 55.81 
== (12 .IS);~ + (1 7 .. 94) 2 + .... (1.06) 2 - C .. F • 
4 
= 118 .. 70 - 55.81 
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Analysis of Variance Table 
-
Source of Degrees of Sum of Mean Variance 
Variation freedorn squares square ratio (F) 
Sub areas 4 62.89 15.72 1.98 
Error 15 118.72 7.91 
Total 19 181.61 
Variance ratio values for 4 d.f. sub areas and 15 d.f. error 
:= 2.36 at 10,% significance level 
== 3.06 a'c 5% significance level 
-- 4.89 at 1% significance level 
'l'herefore the null ilypothesis cannot be rejected. 
B. Analysis of Variance Using a Logarithmic Transformation 
of the Yields Shown in Table 2 
Sub Logari'l.:hmic values of 
area soil loss yields 
- - -----
I .. 3692 .5911 .4843 .4564 
II .. 0000 .4298 t.1367 1.7404 
III ~:r .. 9031 2.6021 2.0000 2'.4771 
IV I' .5911 .. 20'14 .. 6021 2 .. 41'11 
V 'I .. 6232 1 .. 3979 1.4914 2 .. 9031 
::: 
I .3692 .5911 .4843 .4564 
II .. 0000 .. 4298 1.1367 - .. 2596 
III -1.1938 -1.3979 -2.0000 .. 5229 
IV -.4089 .. 2014 -1.3979 -1 .. 5229 
V -.3768 - .. 6021 -.5086 -1 .. 0969 
~ 
correction factor := (Ex) 2 
== 
n 
(-8.61)2 
20 
:= 3.70 
1.90 
1.31 
-6 .. 11 
-3.13 
-2 .. 58 
-8.61 
III 
Total sum of squares == (.3692)2 + ( .. 5911)2 + .... (-1.0969)2 - C.F .. 
== 18.60 - 3.70 
I:::: 14.90 
Sub area sum of squares 2 2 == (1.90} + ...... (-2.5m - C-'!l.!. 
4 
== 14.78 - 3.70 
== 11.08 
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Analysis of Var Table 
Source of Degrees of Sum of Mean Variance 
variation freedom squares square ratio 
Sub areas 4 11.08 2.77 11.0B 
Error 15 3.82 0.25 
Total 19 14.90 
Variance for 4 d.f. sub areas and 15 d.f. error 
== 4.89 at 1% signi.ficance level 
Therefore null hypothesis can be rej 
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APPENDIX E 
Movement of Half Inch stones In and Outside Some 
Plo-ts from 8th March to 30t.h May 1968 
In every case lin¢es land 2 were ins the plot, and 
lines 3 and 4 were on the adjacent plotless areas. 
~ine Plot Distance from original line (inches) and number No. stones within each distance class 
0-3" 3-6" 6-9" 9-12 If 12-15 t, 15-'-18" 18-21" 21-2411 24-27" 27-30" 30-33" 33-36" 
1 20 126 10 
2 20 74 35 16 1 
3 20 116 31 
4 20 109 52 1 
1 1 19 40 38 24 11 9 10 6 1 1 1 
2 19 27 23 25 56 10 
3 19 1 24 48 3 
4 19 0 28 30 
1 18 57 17 
2 18 63 4 
3 18 133 24 
4 18 117 5 1 
1 17 4 79 9 
2 17 126 0 1 
3 17 104 14 2 
4 17 87 29 0 0 0 1 
1 16 64 32 11 6 3 2 
2 16 58 59 11 2 2 2 1 
3 16 47 26 6 0 1 
4 16 19 39 42 4 1 
1 15 18 32 23 6 4 1 1 0 1 0 2 
2 15 70 20 3 
3 36 52 22 6 1 1 
4 15 50 44 10 6 1 2 0 0 0 0 3 
Line Plot Distance from original line (inches) and nUIllber of No. stones within each distance class 
0-3" 3-6" 6-9" 9-12" 12-15" 15-18" 18-21" 21-24" 7" 27-30" 30-33" 33-36" 
1 12 16 7 14 33 11 15 6 7 1 1 0 1 
2 12 35 14 7 3 5 4 4 1 1 2 
3 12 5 5 9 5~ L. 62 21 0 4 3 2 
4 12 0 43 28 14 10 43 9 2 
1 10 45 43 11 10 1 
2 10 56 18 14 6 0 1 1 0 0 0 1 
3 10 a 0 0 a 14 15 28 44 0 
4 10 0 0 23 60 21 7 2 0 0 0 2 
1 9 93 3 1 
2 9 15 57 41 4 1 0 1 
3 9 44 18 ... -I.. 
4 9 164 25 4 
